showed the presence of extensive seagrass beds in these areas. Present study has recorded 3289.14 ha of reef area, 794.45 ha of reef vegetation, 726.15 ha of dense and 601.00 ha of sparse seagrass beds in this part of the Gulf during the year 2004. Further, spread and changes in seagrass cover in this region have been classified and loss has been estimated. In addition, drastic reduction in the seagrass resources of the Gulf of Mannar in certain places was identified and management plans to conserve this resource have been suggested.
Introduction
Seagrasses represent one of the important and highly productive ecosystems of the world, which supports a variety of life forms ranging from microbes to marine mammals like dugongs. Distribution of 14 species of seagrasses along the Indian coast has been reported of which 13 species occur in the Gulf of Mannar [20] . Seagrasses along with the coral reefs make this region highly productive (7 g C m -2 d -1 ) which is evident from the fact that this region yields about 5000 -7000 tons of dry seaweeds and 102,900 tons of fish annually [5] .
Remote sensing and GIS techniques have been used widely in mapping and monitoring the coral reefs and mangroves throughout the world but only very less importance has been given for assessing the equally important seagrass resources, though high resolution data products are now available for identifying and delineating the seagrasses as separate entities from the coral reefs. Density of seagrasses as well as their detailed mapping can be done effectively using IRS IC/ID LISS III and pan merged data products [13] .
Review of literature
Seagrass cover estimations have been attempted world wide. Exposed and submerged seagrasses beds of the Florida Bay have been categorized and differentiated using Landsat TM, SPOT XS and Airborne MSS [17] . It is suggested that the Enhanced Thematic Mapper and the High Resolution Multispectral Stereo Imager along with other technological advancements will yield data with a much higher resolution for seagrass mapping and studying distribution [7] . Spectral characteristics of Landsat TM bands 1, 2 and 3 over the identified seagrass area in the South China Sea have been studied [8] and found that band ratio of 2 and 1 would give a better high dense and low dense seagrass distribution patterns than the band ratio of 3 and 1.
In India, IRS LISS II and Landsat TM data (1:50,000) were used for mapping wetlands and shoreline changes of Kavaratti and Agatti islands and classified the wetlands into different categories like beach, coral reef, algae, seagrass, beach vegetation etc. [15] . Seagrass meadows of Lakshadweep were mapped by using black and white aerial photographs [10] and IRS data [4] . IRS IC LISS III data was used to discriminate seagrass/seaweed beds separately, reef flat and sandy cay on a coral pinnacle of north-northeast of Okha in the Gulf of Kachchh [16] .
From the foregoing account, it can be seen that even after the availability of high resolution data products, there are no specific studies on mapping of seagrass resources using remote sensing techniques. To fill up this lacuna, the present attempt was made to map the seagrass resources of the islands and Mandapam coast of the Gulf of Mannar Marine Biosphere Reserve.
Materials and methods

Study area
The Gulf of Mannar Marine Biosphere Reserve is the first of its kind in India and also in the south east Asia, spreading from the Pamban island (Rameshwaram) Figure 1) were studied for quantifying the seagrass resources. NE), taking sufficient ground control points (GCPs). Care was taken to get data obtained during low tide regimes which would provide with more clarity in delineating low density and high density seagrass beds. False Color Composite (FCC) was generated with the band combinations 3,2,1 in RGB. Digital analysis and visual interpretation techniques were carried out using ERDAS ver. 8.6 software [13] with some modifications in the visual interpretation keys. Water column corrections were also made to carry out further classification. The classification system developed by the Space Application Centre [2] was used for resource mapping. The mapping accuracy was estimated based on sample basis, assuming a binomial distribution for the probability of success / failure of sample tests [14] . Out of the 120 sample points surveyed for the accuracy testing, 107 points have correctly matched with the maps generated during the present study with an accuracy of 87.5%.
Results and discussion
Coral reefs and reef vegetation
The resource maps generaged for the Mandapam group of islands are given in Figures 2 and 3 and areal extent of various resources are given in (Table 1 ). The reef area of this region was estimated as 3289.14 ha and reef vegetation, composed largely of seaweeds, has been recorded as 794.45 ha during the year 2004. These estimated areas appear to be very low when compared to the earlier report [9] with over 40.5 km 2 of reef area from these islands. However, if we add the reef area and reef vegetation recorded during the present study, we could get 4083.59 ha i.e. about 40.83 km 2 of reef area. Table 1 shows that there is a reduction in reef area of about 160.65 ha between 2000 and 2004. This reduction could be attributed to several anthropogenic pressures especially trap fishing in the reef areas. Moreover, an additional 139.32 ha of reef vegetation was also noticed during the same period. This indicates that the seaweeds would have gradually occupied the reef area. Such an increase in seaweeds and the need for their regular harvesting from the live coral areas for saving the corals from degradation have been discussed well [19] . Expansion of seaweed growth in the reef ecosystem would lead to reef degradation and make a phase shift from coral dominated to algal dominated and / or coral depleted area [6] .
Seagrass resources
Present study has recorded 726.15 ha of dense and 601.00 ha of sparse seagrass beds in this part of the Gulf during the year 2004, accounting for a total of 1327.15 ha of seagrass beds, which figure is very low when compared to the estimate of 22.71 km 2 of seagrass beds reported earlier [9] . However, the difference is less when compared to the 2000 estimate of 1856.51 ha. Entire Palk Bay and Gulf of Mannar could be expected to have a seagrass cover of ca 30 km 2 [11] . But this looks very low as we have recorded about 13.25 km 2 of seagrass cover only from the Mandapam group of islands alone and the seagrass cover can be high if we add that the Palk Bay and other islands of the Gulf of Mannar.
In the present study, seagrass beds have been broadly classified into two classes, viz. sparse and dense beds. The above ground biomass of the sparse and dense seagrass beds was calculated in the field. From this, the areas with the above ground biomass of 200 -500 g fr. wt. m 2 were recorded as sparse seagrass beds while the areas with more than 500 g fr. wt. m 2 of above ground biomass were recorded as dense seagrass beds. Areas with the above ground biomass of less than 200 g fr. wt. m 2 could not be recorded due to spectral confusions caused by the barren sea floor and overlying waters. Another important factor to be considered here is the smaller size of some of the seagrass species Halophila spp. and Halodule spp. which could not form dense beds singly as that of the other species. Whereas, species of Enhalus acoroides, Thalassia etc. were large enough to make dense beds. Further, most of the extensive seagrass beds will be constituted by more than one species rather than a single species. These factors cause difficulties in attempting species level identifications of seagrasses using remote sensing techniques [12] .
Another interesting fact recorded during the present study was the similarity of tones of coral reef, reef vegetation and seagrasses ( Table 2 ). This would have made it difficult to map the seagrass resources as a separate entity by several workers [21, 22, 3] and they have included seagrasses within the reef vegetation class. As the difference in tone is very narrow, it needs detailed field verifications to delineate the seagrasses in the reef area. It is worth mentioning here that the seagrass habitats are prone to spectral confusions with coral reefs, algae and deep water [1] . More importantly the substratum which favours seagrass growth is dominated by the coarse sand and shell/coral debris. Presence of higher percentage of stone and gravel and sand fractions in the seagrass beds of the Gulf of Mannar have also been reported earlier [23] . This coarse sand with coral debris gives more or less similar reflectance as that of corals. This confusion in spectral characteristics would lead to the misidentification of seagrass areas as coral reef areas and reef vegetation, thereby resulting in erroneous calculation. It is opinioned [13] that density as well as detailed seagrass mapping can be possible using LISS III and pan merged data, but in the present study we have delineated dense and sparse seagrasses by using LISS III data alone.
Conservation and management
Chinnapalam is a small fishing village in the coast of Pamban, situated on the southern side of the island with a population of over 700 people. All are solely dependent on fishing for their livelihood and the women are engaged in selling fishes, dry fish making, seaweed collection and more importantly ornamental shells collection. More than 150 mechanized and 70 non-mechanized fishing boats are in operation from here by the fishermen and all of them are anchored on the seagrass meadows of the Chinnapalam area. Fishing boats which are operated in the nearby Palk Bay region are also anchored in the Chinnapalam area during the northeast monsoon season to avoid damages caused by heavy winds and seasonal storms [18] . Thus, the seagrass meadows of Chinnapalam area are highly disturbed due to human interference, fishing and anchoring of boats on the seagrass beds, oil spills, disposal of huge solid wastes and sewage. All these factors lead to the gradual reduction of seagrass resources of this region.
Though it is reported that there is a gradual reduction in seagrass resources of the Gulf of Mannar [9] , the present study could identify drastic reduction in the seagrass distribution especially along the coast of the Pamban area (Chinnapalam village). It is estimated that over 152.82 ha of dense and 370.54 ha sparse seagrass bed have been lost during the four year period resulting in a net loss of over 56.08%. This unusual reduction made us conduct extensive field work in this part of the Gulf which could identify the destructive process to this resource which in turn has paved the way in the reduction of the seagrass resources of this area.
The drastic reduction noticed in the seagrass resources in the present study was largely mediated by the intensive collection of the paper shell, Tellina angulata by the local fisher-women as a source of alternative livelihood income generation. The milky white shells of T. angulata have a good market value in the ornamental shell industry and this has induced the fisherwomen to dig out the seagrass meadows of this region on a large scale which are the habitats of this bivalve to collect the shells and thus posing a severe threat to the ecosystem (Figure 4, 5) . Digging out the seagrass meadows would not only disturb the existing meadows but also would affect the further growth of seagrasses in this region, as the destructive process would fully destroy the underground rhizomes and roots of the seagrasses.
Considering the intensity of seagrass reduction, we have analyzed the 2002 satellite data to identify the rate of degradation and we found that nearly about 80% of reduction has occurred within two years (between 2002 and 2004). The field work indicates that the shell collection is gradually spreading from northeastern side of the coast to southeast. If such reduction is continued for another 10 years, we may not have the seagrass meadows at all in this part of the Gulf. To avoid such an untoward condition in the Gulf, it is imperative to take adequate measures to conserve the seagrass resources of this region. More importantly, in the management process, it is highly essential to identify the alternative income source for the fisherwomen involved in shell collection. Introduction of sustainable seaweed collection and seaweed culture operations can be the alternative sources of income for the local fisherfolk and it would reduce the pressure on seagrasses. At the same time, it is high time to develop a National Seagrass Conservation Plan by the Government of India for implementation.
